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SUMMARY

.% there are now i?ereral types of 8upercharger8 iR
.serrice, information on the comparative performance ob-
tained m“th each type of qwrcharger would be of ralue
in. the selection of a supercharger to meet dejinite 8errice

requirements. As a part of the program to obtain this
information, the ATational AdR”80ry committee-for Aero-

nautic conducted tests, using a modified DH–4M? air-
plane with a turbocentrifugal and un”th a Roots type
supercharger. l%e rate of climb and the high &peed in
lewl jlight of the airplane were obtained for each super-
charger from 8ea lerel to the ceiling. Tle unsuper-
charged P.@ormance with each supercharger mounted in

- place was also determined.
me results OJthese teets show that the ceiling and mte

of climb obtained were nearly the same for each. super-
charger, but that the high 8peed obtained with the turbo-
centrijugal uws better than that obtained ux”th the Root8.

The high+peed performance at 21,000 feet uxa 122 and
I.@ miles per hour for the Roots and iurbocentrifugal,
reqectirely.

INTRODUCTION

For se-rerd years supercharging has been used as a
means of increasing the engine power for special-pur-
pose airplanes, notabIy airplanes designed for high
tdtitude ff-ying or racing. Since the demand for engines
of high po~er output hm increased, the interest. in
superchmgers has become more widespread and, as a
redt, several manufacturers are novr offerirg super-
charged engines as a part of their regular production.

The superchargers used at present for aircraft serv-
ic: can be con~enientIy classified as centrifugal, Roots,
and wine type. The first two types have been used
extem=ively since the advent of the supercharging of
aircraft engines, vAiIe the Tane type for this service
is a more recent development. It is reasonable to
expect either that each of these supercharge~ has a
field in which it is superior to the other types, or that
one type will meet alI the serrice requirements better
than any of the others. To select the type of super-
charger best suited for a particular condition of sei-i-
ice, or for aII service conditions, test data must be
obtained to est ablkh the comparative performance
With each type.

Although a Iue amount of data on
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supercharging
are now awiIable and considerable information can be
gained from a study of reports on supercharging, it
has been impossible to find data of flight tests in which
two types of superchargers have been tested under
simihr conditions. Therefore, as a part of a research
program to obtain comparative test data, the Natiomd
Advisory Committee for Aeronautics conducted tests
with a turbocentrifugal supercharger so as to obtain
results for comparison with those previously obtained

US@ the same airplane with a Roots type super-
charger.

The basis of comparison for these superchargers was
the high speed and rate of climb of the airpIane as
determined with each supercharger for altitudes from
sea IeveI to the ceibg. The unsupercharged perform-
ance SISOwas obtained for these conditions with each
supercharger mounted in pIace.

DESCRIPTION AND METHOD
.

The tests with the Roots type supercharger in a
modified DH+M2 airpkme have been previously
reported in hratiomd Advisory Committee for Aero-
nautics TechnicaI Report h’o. 327. (Reference 2.)
This report includes the test results obtained with the
turbocentrifugaI supercharger, together with a sufE-
cient amount of data from the tests with the Roots
type, so that the performance with the two types of
superchargers can be compared.

Both supercharger instalationa duplicated previous
service installations as nemly as possib~e. The Roots
type supercharger installation can be seen in F@n+ I
and that. of the turbocentrifugaI in Figures 2 and 3.
The weight of the airpIano fuIIy serviced, incIuc@ all
instruments and the piIot, was approximately 4,3oo
pounds when equipped with the Roots type super-
charger and 4,350 pounds with the turbocentrifugal
type, The weight added to the airplane by each super-
charger instrdIation was MO pounds and 167 pounds for
the Roots and turbocentrifugal types, respectkely.
These weights include all air ducts and moun~u
brackets. That there was a greater dMerence in .
airpkne weights than in supercharger weights was due
to the difference in the instrument installations. -
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FIGUREI.—Rootssuperox Installationh modifie3DH-4M2 a[rplarra

FIGUBE2,—TcrIboguperchmgerlnstallnt!onin mallfled DH-4M2 alrp?me
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Two Liberty enginea were used in these tests, one
with the Roots type supercharger and the other with
the turbocentrifugaI supercharger. A check of the
standing revolutions per minute obtained with eaoh
engine Unsupercbged and with the same prop.d.kr
showed that there was mry Jit tle difference in the power
developed by the two engines.

The engines weze equipped with inverted Strom-
beqg NA–L5A carburetors, having 1~-iich diameter
&olres and No. 42 drill six jets. Domestic aviation
gasoline to which had been added 5 cd of ethyl fluid

“ per gallon was used in all these tests. A booster
radiator, shown in Figures II 2, and 3, was used to
obtain the additional engine cooling necessary on the
supercharged flights. This radiator was L=ed aIso on
the unsuperoharged tlights.

The Roots supercharger used had a displacement
of 0.382 cubic foot per re-rolution. It was driven

altitude to which the supercharger could maintain
sea I&vel pressure) for an engine of 81!2 cubic feet
displacement per minute. The maximum rotative
speed of the impeller is gi-ien as 23,150 revolutions
per minute. The rotor shaft is mounted in two bear-
ingg, a rokr bearing between the turbine wheel and
the supercharger impeIIer, and a deep-groo~e ball
bearing at “the impeUer end of the shaft. These
bearingg are. packed with a light grease, the supply of
which is replenished between flights through pressure
grease gun fittings. Below the critimd altitude the
amount of supercharging is controlled by a bl~st
gate on the turbiue nozzle box An air cooler similar
to those provided on “service installations vias used.
A metal shield was placed between the supercharger
inlet and the bottom of the cooler to prevent the hot
gases from the turbine and the warm air from the
cooIer from entering the supercharger irdet.

FIG- 8.—Turksu~r InstsII@onInW!M DH-4M2 f@hne

hrough a fle.xible coupLing from the rear of the engine
crank shaft. The capacity of this supercharger couId
be wried by changing the gear ratio between the
chive shaft and the supercharger impellers. A d-
scription of this type of supercharger and laboratory
test resuIts are giwm in h’ationd Advisory Com-
mittee for Aeronautics Technical Reports N“os. 230
and 2S4. (References 1 and 2.) The impelIer end
clearances used in these tests were somewhat greater
than necessary. They had been increased to O.O15
inch because trouble had previously been experienced
with contacting betwecm the impellers and the ends
of the case. Since the clwwances were increased
precision type ball bearings have been obtained, and
the re.subs of tests with these bearings show that
constant impelIer end clearances can be successfully
maintained with the clearances reduced to 0.010
inch.

A description of the side type of turbocentrifugal
supercharger is ghren in Air Corps Technical Report
Serial No. 2365. (Reference 3.) The particuhr
modeI used in these tests, known as Form F–1A, is
rated at 20,000 feet critical altitude (the maximum

AU the instrument readings viere recordgd &uto-
matically dur@ these tests. The readings of the
indicat@ instruments were recorded by photograph-
ing the dials of the instruments. For the flight tests
both with the turbocentrifugal and the Roots type
supercharger the folIow@ indicating instruments
were UWd:

(1) Engge tachometer,
(2) Sealed rdtimeter for measuring carburetor air

pressure.

(3)
(4)
(5)
(6]

0)
(8)

Electrical resistance thermometers for meas-
uring temperature at:

A point under the lower wing (free air).
InIet to supercharger,
Outlet from supercharger,
Air inlet to carburetor.

In addition to the abore, the foIIowing
instruments were inst aIIed and a photo-
graphic record of their readings was taken
on the tlights using the turbocentrifugal
supercharger:

Tachometer geared to supercharger rotor.
Pre.ssuregaugeconnected with turbine nozzle box.

-

-
—

.—

-

——
—— -.

—

-=

.—
.—

-
.—.—

.—--—

—

-.,—

.—

-



506 REPORT NATIONAL ADVISORY COMMITTEE FOE AERONAUTICS

(9) Pyrometer connected in rotation with thermo-
conplw in the exhausi stack, the turbine nozzle box,
and just outside the turbine wheel.

Electrical resistance thermometers for meas-
uring temperature at:

(10) Cooler outlet.
(11) Fuel flow mbter.
These instruments were mounted on a panel, which

formed one end of a light-tight box, and were photo-
graphed with a motor-driven motion-picture camera
which was mounted at the other end of the box.

For recording the air speeds and atmospheric pres-
sures an instrument was used which gave a continuous
photographic record during the-fight. Fuel measure-
ments were obtained on the flights with the turbo-
centrifugal supercharger by the use of a displacement
type flow meter to which had been rittached a mecha-
nism which produced a photographic record of fueI
flow, A Venturi type fuel flow meter was used for
measuring the fuel flow on the flights with the Roots
supercharger, Because of mechanical difficulties with
the recording mechanism the rcdts obtained were
not reliable and, therefore, are not included in this
report.

A chronometric timer was provided for measuring
time and for synchronizing the records obtained with
the different instruments.

The supercha~er tachometer was driven from a 20
to 1 reduction gear through a standard fitting and
fkible cable, A worm was made which replaced the
nut on the impeller end of the supercharger shaft,
and a 20-tooth gear meshing with this worm was
mounted in a small housing which replaced the cover
plate on the end of the supercharger case.

A propeller designated as Air Service part No.
065323, which was designed for a supercharged Martin
bomber, was used in all these teats. Its diameter was
10.67 feet and, its pitch 6.33 feet. This propeller had
previously been calibrated on the same airplane by
means of a hub dynamometer; therefore the engine
power obtained in these teds could be determined
from the propeUer characteristics, A description of
the hub dynamometer used for calibrating this pro-
peller and some of the test results will be found in
Natural Advisory Committee for Aeronautics Tech-
nicfil Reports Nos. 252 and 295. (References 4 and 5.)

All of the instruments were calibrated before and
after the tests with each supercharger. The accuracy
of the measurements is estimated to be as follows:

Engine speed, within +10 revolutions per minute.
Supercharger speed, within + 100 revolutions per

minute.
Carburetor air pressure, within + O.O5inch Hg.
Atmospheric pressure, within +0.05 inch IIg.
Air speed, within + 2 miles per hour.
Exhaust gas temperatures, within + 15° F.

Temperatures measured with electrical rcsisttimc
thermometers, within + 2° F.

Fuel flow, within +2 per cent,
Turbine nozzle box pressure, within + 0.3 pound pcr

square inch.
A comparison of the high speed and rate of climb of

the &plane obtained vtith tho two types of super-
chargers was selected as the best method for csahlat-
ing the merits of each supercharger, Before the best
rate of climb was determined, without w rate-of-ciiml)
meter, the rate of climb obtained aL smmral different
air speeds was determined, and from a plot of this, for
each &itude, the air speed giving the best rate of
climb was selected. This wtis the method used for.
the tests with the Roots supercharger. Additional
information on this method and a discussion of the
tats with the Roots supercharger can be found in
National Advisory Committee for Aeronti~ltics Teci~-
nical Report No. 327. (Reference 6.) For the first
part of the tests with the turbocentrifugal supcrchmger
the same method was used. The results obtained were
compared with similar results using a rato-of-dimh
meter as a guide for the pilot. As both methods gave
practically the same results, representative flights
could be selected from those obtained with either
method.

During all supercharged flights the pilot was in-
structed to maintain sea-level pressure at the carbu-
retor to the greatest possible altitude. l’i’ith the Roots
supercharger the carburetor pressure was regtdated by
discharging the excess air through a by-ptiss valve,
which was gradually closed with increasing altitude
until at the cuitical altitude it was completely closed.
With the turbosupercharger the carburetor pressure
was regulated by varying the ammmt of engine exhaust
gases permitted to escape from the nozzle box into the
atmosphere without passing through the turbine rotor.

The unsupercharged flights were made with a super-
charger installed and operating, but with the cent ml.
set to give the ieast poesible supercharging effect.

The flight test data were reduced to the conditions
of standard atmosphere according to the Leslcy method
given in hTational .4dviaory Committee for Aeronautic
Technical Report No. 216, ~eferencc 7.)

RESULTS AND DISCUSSION OF RESULTS

The results of this investigation me presented in the
form of tables and curves. The test dtita mmt.ained
in the tables have been plotted so that the colnparat ivc
performance obtained with the tmrboccntrifugal aml
the Roots type of supercharger can be readily appre-
ciated. Tables I to HI contain the information ob-
tained in teats with the turbocentrifngal supercharger,
while Tables IV to U! contain similar information
obtained in tests previously conducted with a Roots
type supercharger. The tables and other information
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regarding the tests with the Roots type super-
charger have been taken from NTational Advisory
Committee for Aeronautics Tedmical Report ATO.327.
(Reference 6.)

Figure 4 shows the t.ime-of4imb and the rate-of-
climb curres for the six flights for which performance
data are giwn in the tabks. Although the ilight data
shown me the best obtained W-MIeither supercharger,
a greater number of satisfactory flights were made with
the Roots type than with the turbocentrifugaI;
therefore, the data for the Roots type are on a slightly
more favorable basis. It is etident that the turbo-
supercharged flights correspond more nearIy to flight
No. 4, using the Roots supercharger with the 3:1 dri-re-
gear ratio, than to flight No. 5, using the 2.4:1 drire
ratio. muht No. 5 shorn that when the drive-gear

rate of climb than @t h’o. 6, Unsupercharged, with
the Roots supercharger instakl. This might be
expected, since the turbosupercharger installation
added an appreciable amount of frontrd area. The
poor rate of climb at the beginnhg of flight No. 3
was probably caused by the fact that the air speed for
this part of the ili.ght was “higher than it should have.
been, as can be seen in Figure 5.

The air speed in climb and the high speed in Ievel
fIight are shown in F~e 5. Durkg the tests with the -
turbosupercharger,. flights wera made at the air speeds
which were found best with the Roots supercharger,
but these air speeds did not give the best rate of climb,
particuhdy for the higher altitudes. For the low-er
altitudes the difference in air speed shown for flights
h~os. I “md 4 is without any particular significance,as
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ratio of the Roots supercharger was reduced the rate
of climb at the lower altitudes ma improved slightly,
but cmly with a low in performance at higher aItitudes.
Flights h’os. 1 and 2, with the turbosupercharger,
are considered to complement each other in sho~~ the
best rate of climb, for the air speed gi-ring the best
rate of climb was not used at aII altitudes in either
flight. Although the differences in ceiling and rate
of climb with the two superchargers are no greater
than those betwem successive flights with either
supercharger, what dii%.rences there are indicate
slightly better performance with the turbosupercharger.

Flight hTo. 3, unsupercharged, -wi& the turbosuper-
charger installed shows dightly lower ceiling and poorer

the air speed giwing the best rate of cIimb is much less -
criticsd for these. ah.itudes. At the higher altitudes
it m-ill be noted that the air speed giring the best
rate of &mb with the turbosupercharger incre&=es
rapidIy. All turbosuperdmrged ~~hts showed this
characteristic-

The curies of high speed in level flight, also shown in
Fiie 5, vwe drawn from the best data obtained on
many &Uhts. There tiere not enough points to locate
the curves exactly, but it was established” that the
speed in level fi.ight was greater when ~=ing the turbo-
supercharger, and that the. dtierence increased with
increase in altitude. At 21,000 feet the l@h+peed
performance was 122 and 142 miks per hour, for the
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Roots and turbocantrifugal, respectirely, The high-
speed unsupercharged performance was practically the
same with both supercharger installations. The high-
speed performance obtained with the turbocentrifugal
supercharger, even with its increased frontal area, is a
strong argument in favor of this type of supercharger
for airplanes traveling at high aItit.udes.

The curves of engine speed (fig. 6) follow wry closely
the shape of the air-speed curves in F~re 5. The
low engine speeds at the ground were due to the use of
a much larger propeller than is customary for unsuper-
charged work in order to hold down the engine speed to
less than 1,800 revolutions per minute at altitude on
the supercharged flights.

Air temperatures are shown in Figge 8 for both
flight No. 2 with the turbocentrifugal supercharger and
flight No. 4 with the 3:1 chive ratio Roots supm-
charger. It will be noted that for both superchargcra
the temperature at the supercharger inIet was higher
than the atmospheric temperature, although in each
case the inlet was located where it was thought there
w-ouId be a minimum heating effect from the engine,
At the completion of the tests with the Roots type
supercharger it W8S believed that the higher tempera-
tures recorded at the superchmger inlet wem incorrect
and were caused by conduction of heat from the supm-
charger case to the resistance thermometer, The dif-
ference in temperature was so much greater, howeverj

Su&r;hor~ed
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FIGURE5.—AirspeedIn climb and lerel Eight With the turbmu~rcherge.rand with the RoW
type mqmchargerusinga 3:1drive-gemratio.
Ln9tniled

The engine power in climb is shown in Figure 7.
The difference in engine power at-altitude was due to
the difference in engine speed as well as to the differ-
ence in the po~”er each supercharger cost the engine.

Computations based on experimentkl data show that
the Roots type supercharger with 3:1 drive-gear ratio
required 24 per cent of the brake horsepower developed
by the engine at an altitude of 22,OOOfeet. From the
experimental data availabIe on the effect of back
pressure on engine power and from back pressures
obtained with the turbosupercharger in these tests,
computations show that the turbosupercharger did
not reduce engine brake horsepower more than 14
per cent at an aItitude of 22,OOOfeet. Similar com-
putations for an altitude of 10,000 feet show a reduction
of 12 and 6 per cent for Roots and turbocentrifugal,
respectively.

Alw unsupentacgedhut tith a wprchwger

*

in the tests with the turbosuperchmger, where the
thermometer had been carefully instiated from near-
by parts, that it is now believed that both super-
chargers were receiving air which had been heated by
the engine and radiator. The rise in temperature in
passing through the supercharger does not appear to
have been any greater with the turbosupcrcharger tlu.m
with the Roots, but the inlet temperat.urcs of the tur-
bosupercharger were much higher, and consequently
the final temperatures. It seems probablc that if the
inlet pipe could be placcd where it would receive air
at atmospheric temperature, the temperature after
compression might be low enough ta make the uso of
an air cooler unnecessary. The air cooler used with
the turbosupercharger had a much greater cooling
effect. than the carburetor inlet duct used with the
Roots supercharger, and as a result the air tempma-
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tures at the carburetor, in spite of the higher tempera-
tures at the supercharger outlet, were somewhat lovrer
with the turbosupercharger. The cooling obtained in
the air duct from the cooler to the carburetor was
negligible in tests with the turbosupercharger.
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The atmospheric and carburetor air pressures for
flights with the two types of superchargers, both super-
charged and unsupercharged, are shown in F~g 9.
The uniform diEerence in atmospheric pressures for
fIights Nos. 1 and 4, for corresponding standard alti-
tudes is due to the fact that ~~ht h-o. 1 was made on
a warmer day than flight No. 4. The ,criticaI ahitude
is not as sharply defied for the turbosupercharger as
for the Roots, for a change in air speed changed the
critical altitude, and the pilot was increasing the air
speed constantly thro~~h this ra~me of altitude in order
to maintain the beat rate of climb.

On flights Nos. 3 and 6 (fig. 9], both unsupercharged,
the carburetor air pressures were slightiy higher than
atmospheric pressures, although the supercharger con-
trcds were set to give the least possible supercharging
effect. The maximum differences between atmos-
pheric pressure and carburetor pressure were 0.2 and
1.0 inch of Eg for the Roots and turbocentrifugal,
respectively.

Figure 10 shows the speed of the supercharger rotor
for two flights. As the supercharger tachometer did
not register at the lower range of altitudes in flight
No. 1, data obtained on another ilight are also shown
in Figure 10. D~~ these full-throttle climbs the

speed reached approximately 28,000 revolutions per
minute, which is 5,000 revolutions per minute more
than the rated speed for this rotor.

In F~gre 11 are shown fuel consumption data for
unsupercharged tlQht No. 3 and supercharged flight
ATO.1, both fulI+hrottIe climbs. That the fuel con-
sumption per brake horsepower per hour ahould in-
crease with altitude could be expected, because the
ratio of friction to brake horsepower increases with
altitude. The totaI fuel consumed per hour inmeased
fimm 220 pounda at sea level to 265 pounds at the
critical altitude.

&s the data obtained for fuel consumption in level
flight were not satisfacto~, an estimate of this con-
sumption was made on the basis that the specific
fueI consumption at any rdtitude would be the same
in climb as in IeveI flight, and that the power -iaried
directly as the engine speed. On the basis of these
assumptions the total fuel consumed per mile in-
creased for both the supercharged and the unsuper-
charged condition for ahitudes from sea Ied to 8,000
feet; above 8,000 feet., however, the fuel consumption
for the unsupercharged engine incre@, while that of
the supercharged remained practically the same.

26000
t
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~lG~l ?.–Power deliveredtothepropellerti climb,withth
~ and with the Eoot9typa rarpwcharger
miug681 dme-swlrrsifo. A&oommWrdmmed@twitba
superchmgerfnstalki

These tests showed that the acceleration of the
engine equipped with a turbmuperclmrger was slug-
gish, This w.- due to the time necessary for the
turbosupercharger to reach an effective speed because
of the inertia of its rotating parts

It may be well to mention that the ah-phine when
equipped with the turbosupercharger was operating
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under the disadvantage of increased frontal area, and the difficulty could be remedied by the usc of lCSS
when equipped with the Roots supercharger under the yigid ducts. Similar trouble had previously hum
disadvantage of large supercharger impeLler end clear- ~xpefienced with the wmburekn- Hir duck in tests with
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antes, which resulted in high slip speeds and conse- a Roots supercharger. The use of flexible mchd hose
quently high discharge air temperatures. for wrbuetor air ducts, as shown in Figure 1, clin]i-

Some trouble was experienced with cracking of the nated this dMicuIty.
exhaust gas ducts in the tests with the turbosuper- During the tests with the turbosupcrchargcr thu
charger. As this was caused by excessive vibration engine exhaust valves would stick frequently, which

,
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resulted in decreased performance. This trouble was
most pronounced when the engine had been standing
idle for se-rerid weeks. b inspection of these valves
showed they were badIy pitted and corroded. Tests
recently completed by the Air Corps showed that
ethyl fluid, as used in gasoline to reduce detonation,
causes exhaust dvea and Tahre guides to corrode
tifter an engine has been left in storage for some time.
(Reference S.) whether the sticking of -iaIws when
~=ing the turbosupercharger was due to the tied of
the ethyl fluid used in the gasoline or to the exhaust
valves being constantly surrounded by the hot ex-
haust gases, or to both of these, is diflicult to say.
This trouble, ho~ever, was not experienced in tests
with the Roots supercharger w=ing the same fuel.

~ONCLUSIONS

The reds of these tests show that for the two
supercharger installations tested the rate of &mb and
ceiling obtained were practically the same.
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&zw Ia700 Koim 2oLx@ 24WZ7 ZwXn7
stper&ba—ger goeeojcp.m.

Thq sea leveI I&h speed showed no appreciable
difference. However, as the altitude of operation was
increased the turbocedrifugaI supercharger gave the
higher speed. The difference in speed between the
two types of superchargers increased gradually,
reaching 20 n&s per hour at an aItitude of 21,000 feet.

The high-speed performance of airplanes flying long
distances could be greatIy improved by supercharging
and flying at higher ahitud=.

The acceIeratiog at high altitudes of the engine
equipped with the turbosupercharger m-is very .@-
gish. However, the turbocentrifugsl supercharger
ga-ie a greater improvement in all-around performance
than did the Roots.

lkYGLEY MEMorwL AERONAUTICAL LABORATORY,

14TATIONAL ADmRY COMMITTEE FOR AERO-
NAUTICS,

LANGLEY I?IELD, VA., February 2?5,Ill%?.
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TABLE L-FULL-THROTTLE CLIMB WITH TURBOCEN~lUFUGAL SUPERCHARGER (FLIGHT NO. 1)
1 I., 1

1

:
4

:

:

1:
11
12

;! ‘
M
16
17
18

:
21
22
2a~.

25
.23
27
2a

%’
7s1
32
98
34
36
?47
87
88
39
40
41

2.45
&87
4.9S
6.19

::

118
1254
la M
15.In
I&36
17.82
I&w.
!alM
2L33
!2!L53
23.76
24.06
2a.18
37.46
28.53

%%
32al
85.35
2484
38.22
37.4a

EE
4L36
42.84
da66
4447
4L78
47.Ca
4Ab2
40,55
80.10
M.73

81
?25
“76
71.6
68.6
6J6

&
.66
61

%6
41
33
88.6
82
28.6
%
m
2#6

::.5
10
&5
7.b

:5
X6

i
.5

–2
-& 6
-4.6
–L 6
-6

::5
-lo

29.68
a 7.3
27.86
23.97

E;
2480
22.65

%%
2L17
$1

Ii (n
13.3Z
17.68
17.m
16.48
lh 96
lb 42
M 95
14.al
14.16
18.70

E$
1286
1282
1240
12lb
11.m
lL 8Q
IL S3
IL50
IL38
lL 21
lL@9
lL W
lam
Ill 32
la 76

a 6727
.0708 i%

:%%
$4J

:= d 100
6028

.M21 f :9

.ck?02

.as36 j .ss

:% Id 850
.aSw II, WI
.0513 q 750

18,550
:% I&676
.0473 I&650
.0459 IL 4mI
.0447 17,250
.0438 worm
,0424 la ~
,0413 19,@Jo
, W(M ~ 100
.W95 ~g
.0386
.W8
.0371 %!%
.030b
.as69 ~~
.0W4

24:&w
:E ~Wo
.C039 ?&m
.W3b
. W38 %%
. Wo !4q075
.03m

:%!
%%
W 850

. (BKl

.0318 $:

.W17 ,

726

2:
75
76

Kl!
7a5
30.6
82
33
84.5
M

~6
69.6

k6
04
86
M.6

:
Ga
w

%!
IU
Iw
110
Ila 6
1106
111
111
Ill. ti
lW.6
lfE 6
NE 5
107
107
1056

TABLE 11.—FULL-THROTTLE CLIMB ‘WITH TURBOCENTRIFUGAL SUPERCHARGER (FLIGHT NO. 2)

m%
nfnuta

M
L&l
6.11

:2
10.84
1261
14m
M.%s
17.61

EE
!u.ba
2a.m
2ti78
27.26

R!!
672%
W.85
3h47
3fi37

E%!
41.n

Atmo&
pherlc

in. HE

$&l

w“w

.M
2278

;fi

Id67
17.?b
la 07
l&11
15,35
14.66
1417
13.62
la 07
12.6s

#g

11:27
10.92
m 69
Ia 40

Atmoe

?&%i

]%%&b]
rOOt

mo741
.0714
.0890
.08ea
.M40
.a712
.65S9
.0566

:%
.a502

:=
.0450

:B
.0410
.0396
.OW
.0679
.ml
.Wt8
.Wb

:%.#
.W84

Engine
w-#;
km;
mhute

1,~b

H%
p&

i4M
1,48b
1,495
1,498
Lbw
1,b85
L E/n
L5S6
L 696

?!%

:%
1,646
I, 836
I,845

l%
1,6S6
1,635
1,685

True ab

n3%J V/nD

a 482

%!
.455
.482

:%
.4&l
.M8
.440
.485
.4M
.457

:%
.802
.518

:%
.824

:;
.6M
.Mo

:E,

—

%%
powe

-

Tam-
Iamtu
at au.

!h~y
“F.’

Tem
mm!
it m

I&(
tutlet
%?.

tigp
Wet,
tn Elg

.

?emp[
atm

Weld
iubln
w)Fk#l

Nor.zh
= Prw

WaNe
almoe.
Pherk
meSenl@,
Poundg
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TABLE IH.-FULLTHROT’TLE UNS13PERCHARGED CLIMB WITH TURBOSUPERCHARGER MOUNTED IN
PLACE (FLIGHT NO. 3) —.

cor-
lwted

miImte9

:$

L59

M
9.%

11-ra
Era
lam
l&lm
16.04
17.42
x%
IL?.a
m 41
2LW
m.46
24.94
m.61
xla
2!130
a66
2L06
_J?_aa

Atmo.s- *-

+:&. =,
“F. ‘ in. H&

,
75.5 29.20
n .m.S2
7L5 27.35
70 x=
:5 ~g

63.6 ~.
64
525 2a.m
a
6s ii-z
M.5 !la.io
5&5 2za5
m! !J!4.M
49 !LaQ
49 2L45
49
49 %%
49 mm

20.50
H 20.45
49 m.ai$
46.6
46.5 2:

&an#

&%e,

79
7Q
al
7D.5
m
SI
SL5
SL5
S9
a2.5
=5

S3.s
S
es.5
84
34.5
85
85.5
85
8S
%5
S4.5
m

0.407
.4M
.466
.460
.463
.G6
.477
.m
.4s2
.45
.4s5
.4W
.401
.4s3
.494
.497
.W1

:!%

:%
.am
.ilm
.506

am
m
605

gi

m

%
2s
m
!aI
2443
243 1
MI
?2A
229
226

219
225
224

E
m

a

ii
a&5
85.5
83
73

:
is
m
n
m
ai. 6
K. 5
65
65
62
62
m
62
62
a
58.6

Resore
at car-

Ji2i!i.

29.59
am

z:
2&n
2&Q3
25.45
%35
%42
24.10
.2a. 75
2a.42

%#
XL-M
a 15
2Lsa
ZLio
!21.54

kg
!ZL24
n io
zoo

TABLE IV.LOPTTMUM ROOTS ~UPERCHARGED CLIMB USING THE 3:1 DRIVE IL4TI0 (FLIGHT NO. 4]

. ..—
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TABLE V.’—OPTI3IUM ROOTS SUPERCHARGED CLIMB USING THE 2.4:1 DRIVE RATIO (FLIGHT NO. 5)
__

:orreck
hle,

minutw

“1
Breke %%mm%
horse-
power c%%

oatle~°F

Broke
horse.

Pressure ~wer
it carinl- mrrected
retor ln- ta stand

‘Yip’ ‘&g

tura

)IIed

.%%’.*Y?3
tilooup$r ham

)lM.%rvmtx

pherIo
empera.
we, “F,

I!emper.
Ltureat
?a&’bnu&

F.(akj

z
555
&56
657
am
Ml
m
m

:$
m
583

..- ....-

.— ---

.. -. ...-

... . ... .

..—----
-------
....- ..-
... .. ..
..------
.-... . ..
--------
.. ... ...
.. . .. .. .
-------
-- .. .. .

l’/nD

0.437
- .421

.426

.426

:%
.430
.430
.422
.436
.435
.440
.440

:E
.467
.467
.466
.470
.478
.473

:%

.494

.491

.491

.494

.4w7

.494

.494

1

23.95
n. 00
.2&36
Zh20
24.20
23.’XI

“z%
2(L26
19.30

“lam
17. m
17.w

“16.30
15.00
15.10
14.65
M.05
13.70
lk40
lx 10
12.86
1204
1240
1220
12.06
IL95
11.86
lL 70
lL 85
11.00

a40
4.82
:1

1: E
12.27
la89
16,48
17.W
la 62
m.82
2Lm
.23.643
.2&E
.23.05
.28.32

E%!
33.29
3s.06
36.77
a 47
39.61
41.16
43.w
442a
45.50
47.10
49.40
KL04

1,4rb5
1,426
1,486
1,455
1,465
1,476
1,49b
1,616
1,525
1,646
1,545
1,676
1,6%5
1,595
1,6M
I, 5Q5
1,615
1,ells
1,616
1,ocd
1,w

?%!
1,695
1,596
1,595
1,59s
1,59J
1,596
1,685
1,535

7k6
74.6
74
76
7’h6
n

:
w
SL6
82s

;5

87.6
a
8J.5

92
92.5
92
92.6
945
95
96.5
95
95
95.6
96

E

ala
815
814
a17
814
am
S12
810
244
2U3
332
.293
294

E

%

;

E
222
210
214
213

i%

%
207

...... ..-

........ .

.. .-----

.........

.. .......
-- .-.---,
--.. --..,
.... ... .
.. ........
—-.—-.
—-------
. ....... .
----------
..........
.........
........-.
...... ..

l.-
.................. ........

..... ...
I

1Table X, National AdvIwry CommWee for .keronautiw Technical Report No. 327.

TABLE VI.LOPTIMWf FULL-THROTTLE UNSUPERCHARGED CLIMB WITH ROOTS SUPERCH ARG ER
MOUNTED IN PLACE (FLIGHT. NO. 6)

-.
~~

Pmswra ~mr
Itearku- Correcte(
retor in- toshad

?%.? &?;q
turn

)bsabwy

qwl,
redrl-
to&sag

w
~400
1, 3s7s
1,295
1,3%
1,3=
1,385
1,385
L an
1,a?b
1,376
1,2i5
1,.376
I, 375
1,.355
I, aaa
1,38s
1,305
1,365

)pOrser

Phertc
~lJ-
ure, “F. 1:Otile %%-

super-
power charger

tlet,°F

Ah

,RJe

74
75.6
76.6
n
n. 6
78
73
79
80.6
al
al
32
al
81

y

m
79.6
79

Orrwter
tirn%
nlnutaa

V}RD

k432
.441
.451
.4M
.469
.462
.405
.471
.4KI
.4s3
.4s3
.492
.4@3
.486
.48s
.4s7
.484
.434
.4i3
.478

w

r

32
ma 78

75
i?% n
am M
ml 6a
%59 60
250 00
242 m
230 60
Z2i 60
221 60
!m 60
%17 60
216 60
2QS
203 %
204 Ml
!Mt 5$
m 65

%?
W
526
6m
516
512
611
w
U2
Ku
512
511
m
IK18
da
m
5a3

z

zFtni-
817

%: 226
M.w 286
2&40 278
2460 269
23.85 250
2am 247
Z2.io m
Z2.U 226
2L S6 22a
2150 S15
21.10 215
mm all

211
Eg m
lam
la 7a %!
19.M
19.40 E

7i
64
60
35
60
40
44
44
46
40

E
U
40

“:
37
2a
a4
83

B. 36 0.0723
E 15 .Om
X.96 .0s37
%.10 .0373
25.10 .0254

..24,40 .(M4O
2a.50 . C622

.0+3m
al! .05m
22.00 .W177
2L 70 . (X71
21.26 . IM@l

.&w
E: . W6
20.35 .05S9
20.06 . Oaza
19.ill
19.24 :%
19.35 .Cml
19.15 .oM7

i!!
468
6.03
7.60
9.ii

10.77
12.WJ

“;;:

19:M
20.8s
221?

%:
27.63
29.11
a-a.!zr
aL n
3233

Tcclmlcal

1Table I, National Advieory Committee for .keronautice Te-drnIcd Report No. 327.
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